Background: Obesity is an important public health problem and rates have reached epidemic 28 proportions in many countries. Studies have explored the association between infants delivered 29 by caesarean section and their later life risk of obesity, in many countries outside Africa. As a 30 result of the increasing caesarean section and obesity rates in South Africa, we investigated the 31 association in this country.
7 150 models adjusting exclusively for early life factors were computed. We also adjusted for YAs' 151 birth weight as a continuous covariate, and YA's breastfeeding duration at infancy, mother's 152 parity and mother's age at delivery as categorical covariates, in subsequent analyses. P values 153 <0.05 were considered statistically significant. All analyses were conducted using Stata® IC 
159
Anonymised data were received from the gatekeeper of the primary study and a data sharing 160 agreement was signed to ensure confidentiality and to limit access to the data. 
Results

163
The study participants comprised 889 21-24 year old YAs after excluding those in the primary 164 cohort with missing data; one cohort member was excluded for being older than 24 ( Figure 1) . 165 Of the final analytic sample, 72 (8.1%) were delivered by CS of which 14 (19.4%) were obese. 166 A 1.00 or 100% study power and an estimated sample size of 177 were obtained using the 167 proportions of obese participants delivered by NVD (11.1%) and CS (19.4%), in our final 168 sample. The study participants' characteristics by mode of delivery category are presented in Tables 1 173 and 2. As seen in Table 1 , CSs were more frequent than NVDs in those who had low birth 174 weight or macrosomia, and in Indians and Coloureds (non-Black participants). No statistically significant differences were observed for gestational age, parity, breastfeeding Compared to the primary cohort, the study participants were more likely to be Black (78.5% 180 vs 90.3%), smokers (19.3% vs 40.4%), have mothers who had no post school education (79.6% 181 vs 92.2%). They were also breast fed for a longer period, and had mothers who had longer 182 gestational age and were younger when they gave birth, than those in the primary cohort. There 183 were no differences between YAs sex, mode of delivery, education, alcohol intake, BMI and 184 birth weight, and mothers' parity, between the primary cohort and the study participants 185 (p>0.05). Certain characteristics were associated with BMI, such as YA's sex (p=<0.001), 186 ethnicity (p=0.039), smoking habit (p=<0.001), and education (p=<0.001); and mothers' parity 187 at delivery (p=0.019) (data not shown).
189
Sex-stratified prevalence of obesity and BMI across mode of delivery categories are presented 190 in Tables 3 and 4 , respectively. Overall, the prevalence of obesity was higher in CS-delivered 191 participants than in those delivered through either AVD or NVD, but there were no differences 192 when the results were stratified by sex (Table 3) . The median BMI of males (but not females) delivered by CS was higher than that of those 196 delivered by AVD or NVD (Table 4) . 197 As seen in Table 5 , birth by CS was associated with an almost two-fold increase in the odds of 200 obesity among YAs aged 21-24 years, in the crude analysis. After adjusting for YAs' sex and 201 birth weight, and mothers' parity and education at delivery as potential confounders, a similar 202 estimate was observed. 205 Although no interaction was found between mode of delivery and either sex or birth weight in 206 the final adjusted models, obesity rates were statistically different across the sex (p=<0.001) 207 and birth weight (p=0.027) categories in these models, indicating heterogeneity (data not 208 shown). Among male YAs and participants who had a mean birth weight of at least 3.1 kg, CS 209 was associated with a statistically significant higher odds of obesity compared to NVD. Assuming causality, we found that 12 CS births would be required to have one case of YA 222 obesity (absolute risk increase 8.3%; numbers needed to harm 12; 95% CI 5.63 -95.05). Combined NVD and AVD -adjusted for YA's sex and birth weight; mothers' parity, age, gestational age, and education at YA's birth. ii.
193
Covariates linear/categorical -adjusted for YA's birth weight (continuous), breastfeeding duration at infancy (categorical); mother's parity and age at YA's birth (categorical) + other covariates in main analysis. iii.
Lifestyle and behavioural characteristics -adjusted for YA's breastfeeding duration during infancy, smoking habit, and alcohol intake + other covariates in main analysis. iv.
Early life factors only -adjusted for YA's sex, birth weight and breastfeeding duration at infancy; mothers' parity, gestational age, age and education at YA's birth. The aforementioned studies were all conducted outside Africa. However, some of the study 262 sites were in upper-middle income countries, such as Brazil and China which are similar, socio-263 economically, to South Africa, and hence their results are comparable to those from our study.
265
Underlying mechanism 266 It has been suggested that infants born via VD are exposed mainly to microorganisms in the 267 birth canal or vaginal environment, and that those delivered by CS are exposed to micro flora Limitations and strengths 287 A limitation of this study is that the exposure and outcome assessments were dependent on the 288 accuracy of the data collected from the Bt20+ cohort. In addition, the current surge of CS in 289 South Africa was not reflected in the results; only 72 women gave birth through CS.
290
Consequently, the 95% CIs were wide, indicating low precision of the ORs. We did not have 291 the relevant data to examine the proposed mechanism underlying the association between CS 292 and obesity in later life (i.e. deprivation of CS-born infants of microorganisms essential for 293 regulating digestion). Caesarean delivery was not recorded as being elective or an emergency.
294
It has been proposed that differences in intestine microbiota composition might arise due to 295 prolonged delivery or ruptured fetal membranes [30, 53] , but this could not be investigated. In 296 addition, the proposed effect (obesity) of antibiotics administered during CS on offspring's 297 delivered through the procedure, could not be assessed due to lack of data. Furthermore, key 298 pre-pregnancy information was not available, e.g. mothers' BMI (height and weight); 299 gestational diabetes, preeclampsia, or pregnancy-induced hypertension; smoking habits; 300 information about previous CS; and family income. The absence of these variables might have 301 resulted in residual confounding, leading to higher point estimates than observed in previous 302 studies.
304
The strength of this analysis was the availability of data to estimate associations between CS 305 and obesity in later life. We were also able to demonstrate temporality as the exposure (CS) 306 preceded the outcome (obesity in early adulthood). Additional strengths of the study were the 307 availability of information on important early life factors of YAs, and prospectively collected 308 data in the cohort. Caesarean section as a mode of delivery was statistically associated with obesity in the study 313 participants. Further research is required in South Africa, and Africa in general, using routinely 314 collected data that provide useful linking of maternity data with information in other databases.
315
This will help to identify larger study populations and minimize costs, while investigating the 316 association across BMI categories and exploring the underlying mechanisms for the 317 association. Birth weight-and sex-stratified analyses, taking into account the potential 318 interaction with mode of delivery, and differences in obesity rates, should be performed, as 319 mean birth weights differ across and between populations. The reported increased odds of 320 obesity in later life after CS, including those found in this study, support the plausibility of a 321 biological link and should be considered as a motivating factor to reduce CS as a mode of 322 delivery unless clinically indicated. 
